This study examined the "inefficient inhibition hypothesis" (IIH; Bjorklund & Harnishfeger, 1990; Wilson & Kipp, 1998) in three groups: children with specific language impairment (SLI), agematched and language-matched controls. The IIH suggests that individuals with efficient inhibition skills perform better on working memory tasks because they are able to keep out irrelevant information from working memory. Children with SLI show processing capacity limitations. This study examined whether the working memory limitations are impacted by inhibition problems in this population. Working memory capacity was measured with a listening span task and children's inhibition errors were categorized. These errors reflected either immediate or delayed inhibition problems and they indicated either contextual distractions or perseverations. Children with SLI produced more inhibition errors than their peers in most categories. The results show an association between inhibition control and working memory capacity, but the direction of causality is not clear.
Introduction
The aim of the present study was to examine the relationship between inhibition control and working memory. Specifically, this study evaluated the "inefficient inhibition hypothesis" (IIH; Bjorklund & Harnishfeger, 1990; Wilson & Kipp, 1998) in children with specific language impairment (SLI). This hypothesis suggests that individuals with better inhibition skills have more processing capacity than people who are less efficient in inhibition because the individuals in the former group are able to keep out irrelevant information from their memory. There is a general consensus in the literature that children with SLI have processing capacity limitations (Adams & Gathercole, 2000; Ellis-Weismer & Evans, 2002) . The nature of this limitation, however, is not clear. If children with SLI show more difficulty in inhibition control than children with typical language development (TLD), then, according to the IIH, their processing capacity limitation is influenced by their poor inhibition control.
Inhibition control may occur at both behavioral and cognitive levels. Behavioral level studies typically involve inhibition of motor responses and impulse control (e.g., Johannes et al., 2001) . Cognitive level studies focus on the mental processes of attention and memory in contexts where unwanted thoughts or inappropriate meanings of ambiguous words have to be suppressed (e.g., Copland, Chenery, & Murdoch, 2000; Gernsbacher & Faust, 1991; Wegner, 1992; Wenzlaff & Wegner, 2000) .
Inhibition control plays a major role in tasks that involve temporal delays (Barkley, 1997; Friedman & Miyake, 2004) . It can prevent perseveration in task performance through the suppression of irrelevant information. The frequency of perseveration may be affected by task complexity, experimental conditions, and response modality (Stedron, Sahni, & Munakata, 2005) . In a latent variable analysis Friedman & Miyake (2004) distinguished among three inhibition-related functions: 1. inhibition of a prepotent response, 2. resistance to distractor interference, 3. resistance to proactive interference. These inhibition functions are separate but closely related mechanisms that also have a strong relationship with working memory.
Inhibition of a prepotent response refers to the ability to suppress a dominant response. During task performance, when there is a delay in response, the contents of working memory have to be protected from external interfering stimuli that can distort or disrupt them. Resistance to distractor interference refers to this function. Resistance to distractor interference has often been associated with focused attention (Melara, Rao, & Tong, 2002; Friedman & Miyake, 2004) because the attentional system governs dual excitatory and inhibitory processes. These processes work together to protect the relevant contents of working memory from the influence of irrelevant, but interfering external stimuli. Resistance to distractor interference and proactive interference both involve interference control mechanisms. The latter function, however, refers to the ability to resist memory intrusions from previously, but no longer relevant items. Wilson & Kipp (1998) define the functions of inhibition and resistance to interference somewhat differently than Friedman & Miyake (2004) . According to Wilson & Kipp, inhibition of a response involves an active suppression process, resistance to interference occurs passively. Encoding is a critical distinguishing feature between inhibition and resistance to interference. When inhibiting a response, we first encode the information into working memory, then determine that it is not relevant, and then expel the culprit from working memory. In contrast, resistance to interference occurs before the interfering item could enter working memory, thus, the interfering item is not encoded. Wilson & Kipp provided evidence for this distinguishing feature through experiments including recall and recognition memory tasks. Inhibited items cannot be recalled, but -because they have been encoded -they can be recognized. Interfering items, on the other hand, that have been resisted before entering into working memory cannot be recognized. Thus, only inhibition of a response interacts with the concept of limited cognitive resources -resistance to interference does not. Yet, there are similarities between inhibition of a response and resistance to interference. Both functions are gating mechanisms that develop with age. Their developmental patterns, however, differ: response inhibition becomes mature much earlier than resistance to interference. While interference control continues to develop through around 12 years of age, response inhibition develops rapidly during the preschool years (Bjorklund & Harnishfeger, 1990) . This study focuses on the question whether children with SLI are able to suppress information that had been encoded, but is not relevant anymore.
Working memory and executive functions in children with SLI
Children with SLI have deficits in working memory, in speech perception, and in processing speed, in addition to their well-documented deficits in morphosyntax, syntax, lexical semantics, and discourse (Leonard, 1998) . Researchers have pointed to more general deficits, whether domain specific to language or domain general that may better explain the deficit pattern(s) in these children. Among such proposals have been notions that children with SLI have more limited processing capacity than children with TLD (Bishop, 1997) . The literature on working memory in children with SLI is replete with investigations of phonological working memory (see for a review Montgomery, 2003) , but few studies have directly investigated more complex functions including inhibition.
Inhibition control plays an important role in staying focused and constraining the contents of memory. This mechanism helps individuals to be goal-relevant (Hasher, Lustig, & Zacks, 2007) . Our previous results indicated that children with SLI show difficulty in simultaneous processing (Marton, 2006; Marton, Schwartz, Farkas, & Katsnelson, 2006) . Children with SLI showed diminished primacy and recency effects in listening span tasks. These children showed a weakness in processing the new incoming stimuli while rehearsing the old information simultaneously. There was no significant difference in the number of recalled stimuli across item positions for these children. Only 23% of the children with SLI showed primacy and recency effects. In contrast, primacy and recency effects were clear in the recall of most typically developing children. There are various interpretations of these data (e.g., problems in attention switching), however, one possibility is that the diminished primacy and recency effects reflect a weakness in inhibition control in children with SLI. Often these children either repeated the sentence-final words or answered the questions that targeted the sentence content in the listening span tasks; they were not able to perform both operations concurrently. Their difficulties were not simply related to limitations in storage. Although these children remembered relatively few of the sentence-final words during testing, if testing was stopped and they were asked whether they could repeat the stimuli they were presented with, most children repeated entire sentences correctly. These children showed a deficit in repeating words in interfering contexts. The answers to the questions prior word repetition interfered with the words to-be-remembered. Gillam, Cowan, & Day (1995) also reported problems with suppressing irrelevant information in children with SLI. In their study, children with SLI showed larger suffix effects than their peers. The suffix is an item that is added after the list-final item, therefore it diminishes the recency effect. Children with SLI produced more interference errors with the suffix than the control group because they did not suppress the irrelevant information.
Further, the results of various attention tasks also showed difficulty in focusing on the relevant information in children with SLI, particularly if the task was more demanding on working memory (Noterdaeme, Amorosa, Mildenberger, Sitter, & Minow, 2001 ). There were no differences between the children with SLI and their TLD peers on simple vigilance tasks. The groups performed comparably on attention tasks with low working memory load. In a sustained visual attention task with higher working memory demands, however, the children with SLI made more errors than did the children in the control group. The authors concluded that selective and sustained attention are particularly impaired in children with SLI when the tasks have high working memory demands. Moreover, these findings indicate a weakness in inhibition control in children with SLI because it is crucial to overcome the influence of irrelevant stimuli on relevant context in sustained attention tasks (Melara et al., 2002) .
Working memory tasks involving simultaneous processing are highly demanding on inhibition control. Although children with SLI perform more poorly in these tasks than their age-matched peers, inhibition control and its impact on working memory is an uncharted area of SLI studies. This paper is part of a larger study that targets the relations among working memory, executive functions, and long-term memory. In this project we examined working memory capacity of children with typical and atypical language development and performed a detailed error analysis to test the IIH in two respects. It was hypothesized that children with SLI show limitations in a listening span task that measures processing capacity. Although there is a large amount of evidence in the literature for SLI children's working memory capacity limitations, we tested this hypothesis to ensure that the SLI participants of the present study performed similarly to reported data. The second hypothesis was that children with more limited working memory capacity indicate more difficulty in suppressing irrelevant information than children with better processing capacity, as suggested by the IIH. The third hypothesis was that an increase in set size-the number of stimuli to remember-results in a decrease in working memory performance accuracy and in an increase in inhibition errors.
Methods

Participants
Three groups of children (15 children with SLI, 15 age-matched peers, and 15 languagematched controls) participated in this study. All participants attended elementary school and used English as their primary language. The first group consisted of children with SLI (agerange: 7;8-10;1 years; mean age: 8;9) who had been diagnosed by a speech-language pathologist as having specific language impairment. All children in this group were enrolled in speech-language treatment at the time of the study. Their language performance was at least 1.25 SD below the age appropriate level (range: 81-64) as measured by the Clinical Evaluation of Language Fundamentals-4 (CELF-4) language test (Semel, Wiig, & Secord, 2003) . All participants in this group showed typical (>90) nonverbal intelligence on the Test of Nonverbal Intelligence (TONI-3, Brown, Sherbenon, Johnsen, 1997).
The second group included chronological age-matched (within 3 months) typically developing children (AM), ranging in age between 7;9 and 10;3 years. Interviews with parents and teachers ensured that all children in this group followed a typical developmental pattern. These participants passed a language screening (CELF-3 Screening Test; Semel, Wiig, &Secord, 1995) and showed typical nonverbal IQ (see more details in Table 1 ).
The third group consisted of language-matched typically developing children who were younger than the participants in the other 2 groups. Each child in this group was matched to 1 of the children with SLI within 3 raw scores on the Peabody Picture Vocabulary Test-III (Dunn & Dunn, 1997) . Similar to the age-matched participants, these children also passed a language screening (CELF-3 Screening Test) and exhibited typical nonverbal IQ (see Table 1 ).
There were 2 girls and 13 boys in each group. All participants passed a pure-tone audiometric screening of both ears at 20 dB HL (at 500, 1000, 2000, and 4000 Hz). None of the children demonstrated articulatory errors, motor, emotional, or physical handicaps.
Stimuli
Listening Span Task-The task included 2 lists of sentences (3 sets of 2 sentences per set, 3 sets of 3 sentences per set, 3 sets of 4 sentences per set, and 3 sets of 5 sentences per set in each list; total of 84 sentences). There was a question targeting sentence content in each set. Participants listened to the sentences, answered the question following sentence presentation, and then repeated the sentence-final word. The sentences were short including 10 or fewer syllables (see sample sentences in the Appendix). The sentence-final words were high frequency words that children typically acquire during their preschool years, and they had been controlled for their phonological features (e.g., they were all 1-2-syllable words). Frequency ratings were based on data from Hall, Nagy, & Linn (1984) . The task was designed to test processing capacity/simultaneous processing and storage.
Procedures
As mentioned above, this research is part of a larger study that examines the relationship among working memory, executive functions, and the long-term lexicon (Marton, 2006; Marton, Schwartz, Kelmenson, & Pinkhasova, in preparation) . Participants were tested individually in a single session in the Speech and Hearing Center at Brooklyn College. All stimuli were audio recorded by a female speaker. The participants listened to the stimuli through headphones and their responses were tape-recorded.
The sentence sets of the listening span task were presented in a random order. Participants were asked to listen to a set at a time and repeat the sentence-final words of that set in the same order as they were presented. Each set included a question to ensure that children processed the entire sentence, not only the sentence-final word. Participants were instructed to answer first the question and then repeat the sentence-final words. The answer to the question was never a sentence-final word. Practice trials with different stimuli preceded testing.
Data analysis
Different investigators performed testing and data analysis for each child. An answer was considered as an inhibition error if it was a target of a previous list or a non sentence-final word. Inhibition errors were categorized as immediate (from the current set) or delayed (from a previous set) and as contextual distractions or perseverations. Immediate errors were nontarget items from the current set, whereas delayed errors were non-target items from a previous set. Contextual distractions were errors where the child recalled a non-target word from the middle of the sentence or from the question, whereas perseverations included errors where the child repeated either a previously recalled sentence-final word or the answer to the question (see examples for errors in the Appendix).
Interjudge reliability of error coding was calculated on 172 randomly chosen sentences/ responses from all participants. The two researchers provided identical transcriptions for 171 sentences.
Results
The first hypothesis of this study, children with SLI have working memory capacity limitations, was tested with the calculation of children's listening span. A larger listening span was predicted in the AM and LM groups than in the group of children with SLI. Pairwise comparisons showed the following group effects: SLI-AM: F (1, 27) = 17.04, p < 0.001; d: There was no group x set size interaction (F (6, 168) = 0.55, p = 0.77). All children's performance accuracy was negatively affected by an increase in set size (see Table 3 ).
The second hypothesis of this study was that children with limited working memory capacity produce more inhibition errors than children with more working memory capacity. The results showed group differences in the frequency of inhibition errors: SLI-AM: F (1, 28) = 9.9, p < 0.01; d: 1.15; SLI-LM: F (1, 28) = 10.89, p < 0.01; d: 1.2, AM-LM: F (1, 28) = 0.08, p = 0.78; d: 0.1). Children with SLI produced significantly more inhibition errors than the typically developing children. Participants of the AM and LM groups did not differ in the number of inhibition errors they produced.
Inhibition errors were further analyzed whether they reflected immediate distraction or a delayed intrusion. A factorial ANOVA revealed a main effect for both independent variables and there was a group x error type interaction (group effect: F (2, 84) = 8.63, p < 0.001; inhibition type: F (1, 84) = 75.58, p < 0.001; interaction: F (2, 84) = 5.97, p < 0.01). Within group comparisons indicated that all children produced more immediate than delayed errors (immediate-delayed errors within the SLI group: F (1, 28) = 35.62, p < 0.001; d: 2.18, within the AM group: F (1, 28) = 12.52, p < 0.01; d: 1.29, within the LM group: F (1, 28) = 34.06, p < 0.001; d: 2.13). Participants in the SLI group differed from the AM and LM groups in the amount of immediate errors. These children produced more immediate inhibition errors than the typically developing children (SLI-AM: d: 1.15, SLI-LM: d: 1.07). The age-matched and language-matched controls did not differ in the number of immediate inhibition errors (AM-LM: d: 0.21). There was no difference across groups in the number of delayed inhibition errors (see Table 2 ).
Inhibition errors were further categorized whether they reflected contextual distraction or perseveration. The results of factorial ANOVA showed a main effect for group (F (2, 83) = 11.01, p < 0.001) and a main effect for error type (F (1, 83) (see table 3 ). There was no group x set size interaction (F (6, 168) = 0.54, p = 0.9).
Discussion
The aim of this study was to test the "inefficient inhibition hypothesis" (Bjorklund & Harnishfeger, 1990; Wilson & Kipp, 1998) in children with SLI. It has been widely accepted in the working memory literature that children's performance is influenced not only by domainspecific storage capacities, but also by domain-general processes (Bayliss, Jarrold, Gunn, & Baddeley, 2003) . The IIH suggests that individuals with efficient inhibition skills perform better on various working memory tasks because they are able to keep out irrelevant information from working memory. If subjects are able to expel previously relevant, but currently irrelevant information from working memory, then they have less material to-beprocessed. Limited amount of material requires less processing space and capacity. Thus, working memory capacity can be enhanced by increasing the efficiency of inhibition control. Children with SLI are typically reported to have limitations in processing capacity. Thus, they are an excellent target group to test the IIH.
Hypothesis 1 predicted that children with SLI show decrements in listening span compared to their age-matched and language-matched peers. The listening span measures served to ensure that the SLI participants in this study show similar performance patterns to other reported data (e.g., Ellis-Weismer, Evans, & Hesketh, 1999 , Marton & Schwartz, 2003 , Marton et al., 2006 Montgomery, 1995 Montgomery, , 2000 . The results of the listening span task are in line with previous findings. Children with SLI performed more poorly than their age-matched and languagematched peers. There was an age-effect between the age-matched and the language-matched groups in listening span. Yet despite the overall age-effect, the two groups showed very similar performance patterns in terms of error types.
The second hypothesis was that children with SLI produce more inhibition errors than their peers. The results show a group effect in almost every aspect of inhibition control. Children with SLI produced more immediate inhibition errors than the controls. These children produced words that were previously relevant, but then had to be suppressed. There was no group difference in delayed inhibition. Every child showed more difficulty with suppressing recent items than with items from earlier sets. Children with SLI also repeated more words that reflected contextual distraction than their peers. These words were not sentence-final words. They had to be encoded during sentence processing, but they were not target items. These errors indicate that children with SLI have difficulty with expelling previously activated information from working memory when that information is not relevant anymore. This finding is similar to the results of Cornoldi et al. (2001) . The authors studied working memory in children with attention deficit disorders. These children also showed significant interference between relevant information and information that first had to be processed, and subsequently excluded from memory.
Children with SLI in the present study produced more perseverations than the controls. Most of the perseverations were repetitions of the answer to the questions. Those answers were not sentence-final words. Following a number of perseverations, the investigators asked the children whether they remembered the instructions (that they were asked to repeat only the sentence-final words). All children with SLI were able to repeat the instructions correctly. Their problem was not related to remembering the instructions, but to suppressing irrelevant information. Our findings are in agreement with the results of previous research that examined inhibition in children with autism and used children with SLI as a control group (Bishop & Norbury, 2005; Liss et al., 2001 ). These authors found poor inhibition in children with SLI compared to typically developing children on different neuropsychological tests.
Inhibition efficiency may be affected by various components, such as testing conditions, stimulus type, etc. This study examined the effect of memory load (an increase in set size) on performance accuracy and on the number of inhibition errors. Increased set size had a negative effect on all children's performance accuracy. All participants made more errors in recall as the number of sentence-final words increased. The effect of memory load on the number of inhibition errors is less clear. Typically developing children produced only a few inhibition errors, most of their errors were omissions, similar to other reported findings (McCormack, Brown, & Vousden, 2000) . Children with SLI showed a non-significant tendency for an increased number of inhibitions with an increase in memory load. Further examination of this question with more power is needed.
Although we found an association between inhibition control and working memory capacity, the direction of causality is not clear. More direct examinations of various inhibition functions should be performed in future research. Inhibition control is not limited to the suppression of irrelevant information. The evaluation of resistance to interference in children with SLI may help to clarify the relations between inhibition and working memory capacity. If resistance to interference works efficiently, irrelevant items are not encoded into working memory. The present study focused only on items that had been encoded previously. Thus, these data show that children with SLI have difficulty with suppressing information that is not relevant anymore. They show problems with expelling unnecessary material from working memory. These findings support the IIH, but more research is needed to understand SLI children's inhibition functions and their impact on working memory performance. The identification of weak inhibition functions in children with SLI will support clinicians and teachers in developing more appropriate therapeutic methods to help these children to remember and follow complex instructions and to perform in multilevel tasks that are the everyday, breadand-butter requirements in any school settings. Table 3 The effect of working memory load on performance accuracy and on inhibition errors 
